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 DRIFT spectroscopy has been used to study the changes in the molecular 
structure of kaolinite mechanochemically activated through dry grinding in the 
presence and absence of quartz.  A comparison is also made with structure of 
mechanochemically activated kaolinite, which has been intercalated with 
potassium acetate. The effect of dry grinding with quartz causes the loss of 
intensity of the hydroxyl stretching and deformation bands of kaolinite to a 
much greater extent than for the kaolinite mechanochemically activated in the 
absence of quartz.  The effect of intercalation upon the structure of the 
mechanochemically activated kaolinite is an apparent restructuring of the 
kaolinite layers.  Two steps in the dehydroxylation of the kaolinite through 
mechanochemical activation and the hydration of the modified kaolinite surface 
are observed.   
 
Index headings: Kaolinite, intercalation, mechanochemical activation, XRD, 
Raman microscopy, DRIFT spectroscopy 
--------------------------------------------------------------------------------------------------- 
 
INTRODUCTION 
 
Studies of both the wet and dry grinding of kaolinite by Hiroshi 
Takahashi, were undertaken in the late fifties 1-5.  It was found that two types of 
material was produced: an amorphous type of alumino-silicate and an aggregated 
material some of which showed zeolytic properties.  X-ray diffraction, thermal 
analysis and electron microscopy were the main techniques use to study these 
materials.  Importantly the effect of dry grinding produced a material with high 
surface areas 6-8.  The effect of mechanochemical action on kaolinite has been 
                                                 
• Author to whom correspondence should be addressed (r.frost@qut.edu.au) 
 2
measured by infrared absorption spectroscopy and the results compared with those 
obtained by X-ray diffraction 9,10.  Indeed mechanochemical activation of kaolinite 
has been used to explore the disordering of kaolinites 11.  The grinding of kaolinite 
results in the formation of particles of small size which may be on the nano-scale but 
which may agglomerate into larger particles 12,13.   
 
 Dry grinding is a method of intercalating kaolinite with molecules which 
otherwise would not readily insert between the kaolinite layers 14,15.  Infrared 
spectroscopy has been used to follow the changes in the structure of kaolinite with 
intercalation with group 1 chlorides 16.  Destruction of the kaolinite structure and 
formation of amorphous material, solid-state diffusion of atoms, particularly protons, 
leading to the formation of lattice defects, delamination of the tactoid of kaolinite and 
enhanced hydration were observed.  It has been proposed that water inserts between 
the kaolinite layers with mechanochemical action and the water bonds to the siloxane 
surface 17-19.  Deuteration resulted in the exchange of the inner surface hydroxyls of 
kaolinite 18.  Whilst there have been infrared studies of the intercalation of kaolinite 
by dry grinding with group 1 halides, few studies of the mechanochemical activation 
of kaolinite have been forthcoming 20.  In this work we mechanochemically treat the 
kaolinite and then intercalate with potassium acetate and then use DRIFT 
spectroscopy to understand the molecular structure of the mechanochemically 
activated kaolinite. 
 
EXPERIMENTAL  
 
Materials 
 
The kaolin used in the experiments was the high-grade natural kaolin from 
Sedlec (Zettlitz) in Slovakia. This material has been used in the past and has been 
found to be most suitable for studying the mechanochemical activation of kaolinite 21.  
Its chemical composition in wt. % is MgO, 0.26; CaO, 0.54; SiO2, 46.97; Fe2O3, 0.37; 
K2O, 1.21; Al2O3, 36.32; TiO2, 0.05; loss on ignition, 13.38.  The major mineral 
constituent is low-defect kaolinite (92 wt. %) with a Hinckley index of around 0.7. 
Some minor amounts of quartz (4 wt. %) and illite (4 wt. %) are also present. This 
kaolin was selected for this experiment because of its low quartz content. The specific 
surface area is 18.5 m2/g. The arithmetic mean diameter determined by a Fritsch 
Laser-Particle-Sizer “analysette 22” is 4.4 µm. The kaolin contains 10.1 % of particles 
less than 1 µm and 9.3 % of particles greater than 10 µm in size. 
 
Milling procedure 
   
A Fritsch pulverisette 5/2-type laboratory planetary mill was used to grind the 
mixtures of kaolinite and quartz.  Samples were ground for 0, 1, 2, 3 and 4 hours.  
Each milling was carried out with a 10 g air-dried sample in an 80 cm3 capacity 
stainless steel (18 % Cr +8 % Ni) pot using 8 (31.6 g) stainless steel balls (10 mm 
diameter).  The applied rotation speed was 374 r.p.m. 
 
X-ray powder diffraction 
 
 The normal room temperature and temperature controlled XRD analyses 
were carried out on a Philips wide angle PW 3020/1820 vertical goniometer 
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equipped with curved graphite-diffracted beam monochromators. The d-spacing 
and intensity measurements were improved by application of a self developed 
computer aided divergence slit system enabling constant sampling area irradiation 
(20 mm long) at any angle of incidence. The goniometer radius was enlarged from 
173 to 204 mm.  The radiation applied was CuKα from a long fine focus Cu tube, 
operating at 40 kV and 40 mA.  The samples were measured in static air and in 
flowing nitrogen atmosphere at 15 l/hr in stepscan mode with steps of 0.025° 2θ 
and a counting time of 1s.  Measured data were corrected with the Lorentz 
polarisation factor (for oriented specimens) and for their irradiated volume.   
 
DRIFT spectroscopy 
 
 Diffuse Reflectance Fourier Transform Infrared spectroscopic (commonly 
known as DRIFT) analyses were undertaken using a Bio-Rad FTS 60A spectrometer.  
512 scans were obtained at a resolution of 2 cm-1 with a mirror velocity of 0.3 cm/sec.  
Spectra were co-added to improve the signal to noise ratio. Approximately 3 weight 
% ground kaolinite was dispersed in 100 mg oven dried spectroscopic grade KBr with 
a refractive index of 1.559 and a particle size of 5-20 µm. Reflected radiation was 
collected at ~50% efficiency.  Background KBr spectra were obtained and spectra 
ratioed to the background.  The diffuse reflectance accessory used was designed 
exclusively for Bio-Rad FTS spectrometers. It is of the so-called “praying monk” 
design, and is mounted on a kinematic baseplate. It includes two four-position sample 
slides and eight sample cups. The cup (3 mm deep, 6 mm in diameter) accommodates 
powdery samples mixed with KBr using an agate mortar and pestle in 1-3 % 
concentration. The reflectance spectra expressed as Kubelka-Munk unit versus 
wavenumber curves are very similar to absorbance spectra and can be evaluated 
accordingly. 
 
 Spectral manipulation such as baseline adjustment, smoothing and 
normalisation was performed using the Spectracalc software package GRAMS ® 
(Galactic Industries Corporation, NH, USA). Band component analysis was 
undertaken using the Jandel  ‘Peakfit’ software package, which enabled the type of 
fitting function to be selected and allows specific parameters to be fixed or varied 
accordingly.  Band fitting was done using a Lorentz-Gauss cross-product function 
with the minimum number of component bands used for the fitting process. The 
Gauss-Lorentz ratio was maintained at values greater than 0.7 and fitting was 
undertaken until reproducible results were obtained with squared correlations of r2 
greater than 0.995.   
 
The potassium acetate-intercalated mechanochemically activated kaolinite 
 
Three hundred milligrams of the mechanochemically treated kaolinite were 
treated with 30 cm3 of 7.2 M potassium acetate solution. The sample was shaken for 
80 hours in a constant temperature bath at ambient temperature.  The excess solution 
on the clay was removed by centrifugation. The potassium acetate-intercalated 
kaolinite was allowed to dry in air and stored in a desiccator above anhydrous calcium 
chloride before spectroscopic analysis. 
 
RESULTS AND DISCUSSION 
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X-ray diffraction 
 
One means of following the changes to the lattice of kaolinite as it is 
mechanochemically treated is to use X-ray diffraction. The X-ray diffraction patterns 
of mechanochemically activated kaolinite are shown in Figure 1.  The effect of dry 
grinding causes the loss of the d(001) spacing and after several hours of grinding 
almost no intensity remains in this peak.  The significance of the loss of intensity of 
the d(001) peak means the stacking between the kaolinite layers is lost.  The 
mechanochemical treatment has removed the hydrogen bonding between adjacent 
kaolinite layers.  This means that the long-range ordering in the layers is disturbed so 
that there is no regular pattern of atoms, which can cause the diffraction.   Figure 1 
also shows the loss of intensity in the d(002) and d(003) diffractions. The kaolinite 
has had its lattice structure destroyed.   The modified kaolinite is not necessarily 
amorphous, rather it is poorly diffracting. Crystallite size is the coherently diffracted 
domain. The mechanochemical treatment not only changes the morphology of the 
kaolinite particles but also causes a reduction in particle size. Thus, other techniques 
are sought to study the changes in the structure of the synthesized material. SEM 
shows only an agglomeration of small spherical particles with no surface morphology. 
Because the material has little long range ordering in its crystalline structure, Raman 
spectroscopy is not suitable because kaolinite is an inherently poor scatterer and a 
disordered kaolinite will be worse.  Infrared reflectance spectroscopy (DRIFT) is the 
technique of choice for the study of the changes on the kaolinite surface.  This 
technique enables the changes in surface structure to be followed upon the 
mechanochemical treatment brought about through dry grinding.  
 
DRIFT Spectroscopy of the hydroxyl stretching region 
 
 The DRIFT spectra of the hydroxyl stretching region of mechanochemically 
activated kaolinite, mechanochemically activated kaolinite with quartz and 
mechanochemically activated kaolinite, which has been intercalated with potassium 
acetate are shown in Figures 2, 3 and 4.  The results of the band component analysis 
are reported in Table I.  A number of conclusions are made from the spectra: (a) the 
intensity of all the hydroxyl stretching vibrations decreases with mechanochemical 
activation, (b) the intensity of the band attributed to the inner surface hydroxyl 
decreases at a faster rate than the band of the inner hydroxyl in other words the inner 
surface hydroxyls are lost before the inner hydroxyls, (c) the in-phase out-of-phase 
behaviour is removed by the mechanochemical treatment, (d) quartz has an effect of 
increasing the mechanochemical activation, (e) intercalation appears to increase the 
intensity of the bands after mechanochemical activation, (f) the degree of intercalation 
is low. 
 
 Figure 5 displays the variation in peak intensity of selected bands of the 
hydroxyl-stretching region.  For the mechanochemically activated kaolinite the 
intensity of the 3695 cm-1 band decreases rapidly in the first two hours of 
mechanochemical activation and then the intensity decreases more slowly.  It is 
apparent that two steps are involved in the dehydroxylation process.  It is probable 
that in the first step two hydroxyl units combine to produce water up to a certain 
point, and then insufficient hydroxyl units are available to follow this mechanism. 
Consequently the rate of decrease in intensity of the hydroxyl-stretching vibration 
changes.  There is a 50% decrease in intensity over the first two hours of grinding.  If 
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a kaolinite quartz mixture is mechanochemically treated, the decrease in intensity is 
more rapid and almost no intensity of the 3695 cm-1 band remains after two hours of 
treatment.  If the mechanochemically activated kaolinite is intercalated with 
potassium acetate, then a further decrease in intensity is observed. This is not 
unexpected as the intercalation results from the hydrogen bonding of the inner surface 
hydroxyls of kaolinite with the acetate ion.  This results in the appearance of an 
additional hydroxyl stretching band at 3602 cm-1.   
 
 The intensity decrease of the 3619 cm-1 band of the mechanochemically 
activated kaolinite follows a similar pattern to that of the 3695 cm-1 band.  Initially no 
intensity decrease occurs over the first hour of treatment. Then two steps are observed 
over the 1-3 hour and 3-10 hours of grinding.  This appears to indicate that two 
mechanisms of the loss of the inner hydroxyls are occurring.  When the kaolinite is 
ground with equal parts of quartz, the loss of intensity of the inner surface hydroxyl is 
more rapid.  After 3 hours of grinding almost no intensity remains for this band.  The 
intercalation of the mechanochemically activated kaolinite caused the intensity to be 
less than that for the non-intercalated mechanochemically treated kaolinite. The 
relative intensities of the 3619 cm-1 band appear constant for 1 and 2 hours of 
grinding. The intensity then decreases.  This result is somewhat surprising as normally 
the inner surface hydroxyl is not affected by intercalation.  The inner surface hydroxyl 
is within the kaolinite lattice and is not exposed at the surface.  The result is 
significant because it means that the kaolinite structure has been so altered as to 
expose the inner hydroxyls.  Figure 5c shows the change in intensity of the 3668 cm-1 
band attributed to the out-of-phase vibration of the inner surface hydroxyls.  The loss 
of intensity of this band is greater than both the inner-surface hydroxyls and the inner 
hydroxyl. This is significant. It means that the mechanochemical activation of the 
kaolinite has disrupted the cooperative behaviour of the inner surface hydroxyls.  
After 3 hours of mechanochemical treatment of kaolinite and after 1 hour of treatment 
of the kaolinite/quartz mixture, no intensity remains in the band.  The intercalation of 
the mechanochemically activated kaolinite appears to stabilise the intensity of the 
band.   
 
 The mechanochemical activation of kaolinite results in the loss of hydroxyls. 
These hydroxyls are converted to water, which is adsorbed on the surface and 
coordinates the surface of the kaolinite.  Two bands are observed at around 3550 and 
3380 cm-1. These are attributed to the adsorbed and coordinated water respectively.  
The mechanochemical treatment of kaolinite results in a steady increase in the 
adsorbed water up to the 3 hour of grinding mark, then the intensity reaches a plateau 
and the intensity appear constant irrespective of the grinding time.  For the 
mechanochemically activated kaolinite/quartz mixtures the intensity reaches a 
maximum after two hours of grinding.  The intensity then decreases to a value, which 
is close to that for the mechanochemically activated kaolinite.  The reason for the 
maximum in the curve followed by a decrease is the increase in intensity of  the 
second water band at 3880 cm-1. This band increases in intensity quite significantly 
after two hours of grinding.  The intensity of the band ascribed to the adsorption of 
water for the potassium acetate-intercalated mechanochemically activated kaolinite 
remains constant and appears to be independent of the grinding time. 
 
DRIFT Spectroscopy of the Hydroxyl deformation region 
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 The DRIFT spectra of the hydroxyl deformation region of kaolinite 
mechanochemically ground with quartz, mechanochemically ground, and intercalated 
with kaolinite are shown in Figure 6.  The data of the band component analysis for 
these systems are reported in Table II.  Three bands are observed in the spectra at 
around 937 cm-1 attributed to the hydroxyl deformation mode of the inner surface 
hydroxyl at around 914 cm-1 attributed to the hydroxyl deformation mode of the inner 
hydroxyl.  A third band may be resolved in the band fitting at 925 cm-1.  A number of 
conclusions may be made from the spectra: (a) grinding the kaolinite with quartz is 
more effective at removing the hydroxyl deformation vibrations. It takes more than 10 
hours of grinding of kaolinite without quartz compared with 4 hours of grinding with 
quartz. No intensity remains in the hydroxyl deformation vibrations at the 3 hour 
mark, (b) The Inner surface hydroxyls are removed before the inner hydroxyls (c) 
intercalation of the mechanochemically activated kaolinite appears to cause some 
rearrangement of the kaolinite layers.  Significant intensity remains in the band 
ascribed to the hydroxyl deformation of the inner hydroxyl.   
 
 Figures 5e and f display the variation in intensity of the 934 and 914 cm-1 
bands as a function of the treatment and the grinding time.  Fundamentally the 
decrease in intensity of the band assigned to the hydroxyl deformation of the inner 
surface hydroxyl decreases with grinding time.  The grinding of the kaolinite with 
quartz causes this decrease to occur at an even faster rate.  Intercalation appears to 
have no effect.  The effect of the mechanochemical treatment of the band assigned to 
the inner hydroxyl in contrast is very different.  The effect on the kaolinite ground 
without quartz for 10 hours is to keep the relative intensity of the band constant.  The 
effect on the kaolinite mechanochemically activated with quartz is to maintain the 
relative intensity constant and then cause the intensity to decrease to zero at the 4 hour 
point.  The effect of intercalation appears to simply reduce the intensity. The pattern is 
similar to that for the mechanochemically activated kaolinite.  This decrease in 
intensity is not unexpected as intercalation would cause the inner surface hydroxyls to 
hydrogen bond to the acetate and cause a consequential loss in intensity of the 
hydroxyl deformation modes.  In harmony with the rates of decrease of the hydroxyl 
stretching vibration for the kaolinite mechanochemically activated in the absence of 
quartz, the rate of decrease of the hydroxyl deformation vibration at 934 cm-1 follows 
a two step rate of decrease.  Indeed the rate of decrease of the 934 cm-1 band for the 
kaolinite mechanochemically activated with quartz also undergoes a two step process, 
even though the steps are more compressed.   
 
 The variation in intensity of the HOH water bending vibration is shown in 
Figure 5g. The data is reported in Table II.  The results in this table show that (a) no 
water bands are observed for the starting material. (b) The position of these bands 
varies but in principal two bands are observed in the 1650 to 1675 cm-1 region and at 
1608 to 1630 cm-1 region.  These two bands are assigned to water coordinating the 
hydroxyl surface and to water adsorbed on the mechanochemically activated kaolinite 
surface.  The intensity of the 1650 cm-1 band is a function of the method of treatment 
and increases significantly with grinding time.  Yariv proposed that the water 
coordinates the siloxane surface during and after the mechanochemical activation 
16,17,22.  Mechanochemical grinding causes a significant increase in the intensity of this 
band.  The effect of grinding the kaolinite without quartz is greater than grinding the 
kaolinite with quartz.  If the water coordinates the siloxane surface, the effect of 
grinding the kaolinite will break the layered structure and expose more of the SiO 
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tetrahedra.  This allows for more water to coordinate the surface.  Grinding with 
quartz may mean that some of the water coordinates the silica.  The effect of 
intercalation is to minimise the amount of coordinated water. This is not unexpected 
as the water molecule is involved with the hydrogen bonding of the acetate to the 
kaolinite surface 23-25.  The effect of mechanochemical activation on the adsorbed 
water is different.  The intensity of this band decreases with grinding time.  For the 
kaolinite mechanochemically activated with quartz, the intensity of the band is 
constant. The band appears at a lower position than for the kaolinite 
mechanochemically activated without quartz.  The intensity of the band is low for the 
mechanochemically activated kaolinite intercalated with potassium acetate.  In this 
case the intensity of the band decreases with grinding time.  It is apparent from Figure 
5g that the rate of increase of the intensity of the water HOH deformation mode goes 
through two rate steps.  For the mechanochemically activated kaolinite the first step is 
from 0 to 3 hours of grinding and the second step from 3 to 10 hours.  Such an 
observation is in harmony with the two step process for the loss of the hydroxyls.   
 
DRIFT Spectroscopy of the Silicon-oxygen stretching region 
 
 The DRIFT spectra of the mechanochemically treated kaolinite without quartz 
is shown in Figure 7a, the mechanochemically activated with quartz in Figure 7b and 
mechanochemically activated kaolinite followed by intercalation with potassium 
acetate shown in Figure 7c.  The band component analysis of this region is reported in 
Table III.  A number of conclusions may be made: (a) the mechanochemical 
activation of kaolinite causes a reduction in intensity of the bands in the SiO 
stretching region. (b) the presence of quartz masks the kaolinite bands in Figure 7b, 
although band at 1035 cm-1 appears to decrease significantly in intensity with grinding 
time. (c)  Intercalation of the mechanochemically activated kaolinite with potassium 
acetate appears to effect the ratio of the two SiO stretching bands of kaolinite at 1035 
and 1056 cm-1.  The ratio of the two bands is different in the two sets of spectra 
(Figures 7a and 7c).  The ratio of the intensities of the 1034/1056 cm-1 bands is <1 for 
the mechanochemically activated kaolinite but >1 for the mechanochemically 
activated kaolinite which has been intercalated with potassium acetate.   
 
DRIFT Spectroscopy of the hydroxyl translation region 
 
 The spectral region of kaolinite between 600 and 850 cm-1 reports the bands 
associated with hydroxyl translation modes.  Bands are found at 799, 788, 780, 680 
and 648 cm-1.  The spectra of the three systems studied in this work are shown in 
Figure 8 and the band component analysis reported in Table IV.  A number of 
conclusions can be readily made: (a) the band at 648 cm-1 is lost through 
mechanochemical treatment, (b) the band at around 790 cm-1 may be resolved into 
two bands at 799 and 788 cm-1, (c) mechanochemical treatment appears to effect the 
bandwidth of these bands when the kaolinite is ground with quartz, (d) as with all 
bands mechanochemical activation of the kaolinite causes a diminution of intensity of 
the bands.   
 
DRIFT Spectroscopy of the OSiO bending region 
 
 Figure 8 also displays the region between 400 and 600 cm-1. This region is 
attributed to the OSiO bending modes. The results of the band component analysis of 
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this region are displayed in Table V.  Infrared bands are observed at 554, 531, 471, 
433 and 421cm-1.  As for the other regions, the effect of mechanochemical activation 
of the kaolinite with or without quartz causes the decrease in intensity of the bands. 
Some changes in intensity of the bands occur with dry grinding probably as a result of 
the formation of additional or different OSiO bending modes.  
 
CONCLUSION 
 
 DRIFT spectroscopy has been used to study the mechanochemical activation 
of kaolinite.  Three systems of mechanochemical activated kaolinites have been 
studied, namely (a) mechanochemically activated kaolinite without quartz, (b) 
mechanochemically activated kaolinite with quartz and (c) mechanochemically 
activated kaolinite without quartz, which has been intercalated with potassium acetate. 
DRIFT spectroscopy shows the decrease in intensity of the hydroxyl-stretching bands 
of kaolinite and the concomitant increase in intensity of the hydroxyl-stretching bands 
of water.  This decrease in intensity is more rapid when the kaolinite is 
mechanochemically activated with quartz.  The effect of intercalation of the kaolinite 
with potassium acetate appears to add another dimension and further reduces the 
intensity of the bands attributed to the inner surface hydroxyls.  For the 
mechanochemical activation of kaolinite two rates of loss of intensity of the hydroxyl 
stretching bands are noted. Hence it is proposed that two mechanisms are involved in 
the removal of the hydroxyls and the subsequent replacement with water.  Two types 
of water are identified (a) adsorbed water on the kaolinite surfaces and (b) 
coordinated water bonding to the siloxane surface.   
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Table I Band component analysis of the hydroxyl stretching region of mechanochemically activated kaolinite,  kaolinite 
mechanochemically activated with quartz, and intercalated with potassium acetate. 
 
 
 
 
Kaolinite/grinding time 
 
 
 
Band  
Parameters 
 
ν1 
 
ν4 
 
ν2 
 
ν3 
 
ν5 
 
ν6 
 
ν7 
 
ν8 
Starting material 
Kaolinite only 
No quartz 
Band centre/cm-1 
%area 
3695 
28.5 
3685 
4.8 
3668 
9.5 
3652 
24.6 
3619 
18.5 
   
 
ground for 1 hr 
Band centre/cm-1 
%area 
3695 
22.4 
3684 
5.0 
3668 
9.5 
3652 
23.4 
3619 
19.0 
3597 
4.6 
 3515 
10.9 
 
ground for 2.0 hr 
Band centre/cm-1 
%area 
3695 
11.5 
3683 
2.0 
3668 
4.7 
3652 
24.4 
3620 
15.1 
3575 
10.3 
 3420 
31.9 
 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
3695 
14.1 
3681 
0.5 
3668 
2.7 
3652 
12.3 
3620 
9.1 
3567 
16.9 
 3313 
44.3 
 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
3695 
10.4 
3682 
0.2 
3668 
2.5 
3650 
8.4 
3620 
6.9 
3569 
16.9 
3404 
4.9 
3275 
49.8 
 
ground for 6.0 hrs 
Band centre/cm-1 
%area 
3695 
8.0 
 3668 
2.1 
3649 
6.7 
3619 
5.6 
3550 
18.0 
 3260 
59.0 
 
ground for 10.0 hrs 
Band centre/cm-1 
%area 
3695 
3.0 
 3669 
1.4 
3649 
0.7 
3619 
3.6 
3570 
13.4 
3386 
31.0 
3200 
46.7 
Kaolinite/quartz 
ground for 0.5 hr 
Band centre/cm-1 
%area 
3695 
19.6 
3685 
1.6 
3664 
7.3 
3645 
6.7 
3619 
12.9 
3575 
14.8 
 3237 
16.9 
Kaolinite/quartz 
ground for 1.0 hr 
Band centre/cm-1 
%area 
3695 
13.0 
3676 
1.5 
3661 
6.1 
3640 
2.7 
3620 
8.5 
3576 
20.4 
 3200 
47.8 
Kaolinite/quartz 
ground for 2.0 hrs 
Band centre/cm-1 
%area 
3695 
1.2 
   3619 
1.9 
3600 
11.4 
3425 
31.6 
3200 
54.0 
Kaolinite/quartz Band centre/cm-1 3695    3619 3585 3420 3200 
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ground for 3.0 hrs %area 0.4 0.8 13.5 27.9 49.4 
Kaolinite/quartz 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
3695 
0.2 
   3619 
0.7 
3580 
13.9 
3420 
28.9 
3200 
56 
ground for 1.0 hr 
and intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
3695 
7.2 
 3668 
0.3 
3652 
2.7 
3619 
3.5 
3602 
9.4 
3550 
9.5 
3380 
47.3 
ground for 2.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
3695 
5.2 
 3668 
2.2 
3650 
3.6 
3619 
3.8 
3602 
1.0 
3550 
10.6 
3384 
35.8 
ground for 6.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
3695 
3.3 
 3668 
2.0 
3652 
0.1 
3619 
0.5 
3602 
0.6 
3552 
7.0 
3340 
47.6 
ground for 10.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
3695 
2.8 
 3668 
1.9 
 3619 
0.6 
3602 
0.1 
3550 
7.2 
3435 
58.3 
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Table II Band component analysis of the hydroxyl-deformation region of 
mechanochemically activated kaolinite, kaolinite mechanochemically activated 
with quartz, and intercalated with potassium acetate. 
 
 
Kaolinite/grinding time 
 
 
 
Band  
Parameters 
 
νOH deform 
1 
 
ν OH 
deform 2 
 
ν OH deform 3 
 
ν water 
deform 1 
 
ν water 
deform 2 
Starting material 
Kaolinite only 
No quartz 
Band centre/cm-1 
%area 
 
937 
28.6 
 
 914 
71.4 
 
 1630 
very 
weak 
 
ground for 1 hr 
Band centre/cm-1 
%area 
938 
30.9 
923 
7.2 
914 
61.9 
 1627 
100.0 
 
ground for 2.0 hr 
Band centre/cm-1 
%area 
938 
24.2 
923 
7.5 
913 
68.3 
1654 
40.0 
1634 
59.9 
 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
938 
22.7 
923 
10.4 
913 
66.8 
1658 
60.5 
1630 
39.5 
 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
938 
18.4 
923 
13.3 
913 
68.3 
1660 
66.8 
1632 
23.1 
 
ground for 6.0 hrs 
Band centre/cm-1 
%area 
938 
19.5 
922 
13.6 
913 
66.9 
1658 
74.3 
1629 
25.7 
 
ground for 10.0 hrs 
Band centre/cm-1 
%area 
938 
9.0 
922 
10.7 
913 
80.3 
1650 
85.9 
1615 
14.0 
Kaolinite/quartz 
ground for 0.5 hr 
Band centre/cm-1 
%area 
937 
25.8 
 914 
74.2 
1677 
34.4 
1613 
65.6 
Kaolinite/quartz 
ground for 1.0 hr 
Band centre/cm-1 
%area 
937 
19.2 
 914 
80.8 
1675 
44.6 
1616 
55.3 
Kaolinite/quartz 
ground for 2.0 hrs 
Band centre/cm-1 
%area 
  913 
100 
1676 
40.3 
1615 
59.7 
Kaolinite/quartz 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
  913 
100 
1676 
43.8 
1616 
56.2 
Kaolinite/quartz 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
  Not 
detected 
1676 
48.5 
1615 
51.5 
ground for 1.0 hr 
and intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
939 
4.8 
925 
6.8 
915 
20.8 
1674 
0.5 
1608 
4.6 
ground for 2.0 hrs and 
intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
939 
2.7 
925 
2.6 
915 
27.8 
1672 
2.2 
1608 
8.9 
ground for 6.0 hrs and 
intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
Not 
detected 
925 
0.6 
915 
18.9 
1674 
4.5 
1608 
5.2 
ground for 10.0 hrs and 
intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
Not 
detected 
Not 
detected 
915 
19.0 
1672 
10.6 
1608 
2.8 
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Table III Band component analysis of the SiO stretching region of 
mechanochemically activated kaolinite,  kaolinite mechanochemically activated 
with quartz, and intercalated with potassium acetate. 
 
 
Kaolinite/grinding time 
 
 
 
Band  
Parameters 
 
ν1   
SiO  
 
ν2  
silica 
SiO  
 
ν 3 
kaolinite 
SiO  
 
ν 4 
kaolinite 
SiO  
  
ν 5 
kaolinite 
SiO  
Starting material 
Kaolinite only 
No quartz 
Band centre/cm-1 
%area 
 
1113 
2.8 
 
1103 
29.0 
 
1056 
10.9 
 
1034 
15.8 
 
 1007 
11.0 
 
 
ground for 1 hr 
Band centre/cm-1 
%area 
1113 
14.7 
1100 
14.6 
1062 
11.7 
1023 
49.0 
 1002 
9.9 
 
ground for 2.0 hr 
Band centre/cm-1 
%area 
1113 
4.65 
1103 
12.7 
 1032 
55.6 
 1007 
6.0 
 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
1112 
6.1 
1097 
17.8 
 1030 
50.8 
 1006 
5.9 
 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
1113 
0.8 
1106 
21.0 
 1034 
59.2 
 1007 
5.6 
 
ground for 6.0 hrs 
Band centre/cm-1 
%area 
1110 
0.3 
1103 
25.4 
 1034 
53.1 
 1007 
5.0 
 
ground for 10.0 hrs 
Band centre/cm-1 
%area 
1151 
19.9 
1107 
5.2 
 1043 
58.4 
  
Kaolinite/quartz 
ground for 0.5 hr 
Band centre/cm-1 
%area 
1119 
16.0 
1100 
20.5 
1056 
9.7 
1035 
15.0 
 1008 
10.1 
Kaolinite/quartz 
ground for 1.0 hr 
Band centre/cm-1 
%area 
1129 
23.8 
1093 
22.6 
1057 
8.2 
1037 
14.3 
 1009 
10.0 
Kaolinite/quartz 
ground for 2.0 hrs 
Band centre/cm-1 
%area 
1130 
22.0 
1088 
24.1 
1058 
3.0 
1042 
9.5 
 1013 
16.9 
Kaolinite/quartz 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
1131 
32.9 
1089 
24.5 
1059 
1.9 
1045 
5.7 
 1016 
17.9 
Kaolinite/quartz 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
1134 
34.0 
1088 
17.5 
1059 
1.5 
1047 
2.4 
 1011 
21.3 
ground for 1.0 hr 
and intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
 
1115 
4.5 
1101 
11.8 
1073 
1.9 
1043 
9.3 
1031 
19.2 
1007 
32.1 
ground for 2.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
 
1115 
3.3 
1103 
35.3 
1060 
24.8 
1043 
13.0 
1030 
22.6 
1005 
14.2 
ground for 6.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
 
1111 
2.2 
 1085 
34.6 
1046 
18.0 
1031 
8.1 
1007 
23.9 
ground for 10.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
 
  1095 
39.3 
1041 
25.0 
1031 
2.2 
1004 
27.5 
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Table IV Band component analysis of the hydroxyl translation region of 
mechanochemically activated kaolinite,  kaolinite mechanochemically activated 
with quartz, and intercalated with potassium acetate. 
 
 
Kaolinite/grinding time 
 
 
 
Band  
Parameters 
 
ν 1 
 
ν 2 
 
ν 3 
 
ν 4 
 
ν 5 ν 6
Starting material 
Kaolinite only 
No quartz 
Band centre/cm-1 
%area 
799 
9.7 
788 
5.2 
780 
13.6 
696 
6.5 
 
 
ground for 1 hr 
Band centre/cm-1 
%area 
799 
0.9 
788 
5.2 
755 
5.7 
699 
8.8 
680 
5.9 
64
1.7
 
ground for 2.0 hr 
Band centre/cm-1 
%area 
798 
0.8 
787 
3.2 
754 
4.5 
699 
5.4 
684 
6.8 
65
1.5
 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
798 
0.7 
787 
2.7 
754 
4.8 
700 
5.0 
686 
7.6 
65
2.1
 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
798 
0.4 
787 
1.6 
754 
3.1 
700 
3.6 
685 
5.2 
65
1.3
 
ground for 6.0 hrs 
Band centre/cm-1 
%area 
796 
1.2 
787 
0.4 
752 
2.7 
699 
4.5 
684 
5.7 
654
1.2
 
ground for 10.0 hrs 
Band centre/cm-1 
%area 
797 
0.6 
782 
0.5 
750 
5.1 
696 
4.1 
681 
5.9 
65
1.8
Kaolinite/quartz 
ground for 0.5 hr 
Band centre/cm-1 
%area 
799 
11.2 
 779 
8.4 
695 
6.0 
 
Kaolinite/quartz 
ground for 1.0 hr 
Band centre/cm-1 
%area 
799 
10.2 
 779 
8.4 
695 
5.3 
 
Kaolinite/quartz 
ground for 2.0 hrs 
Band centre/cm-1 
%area 
800 
12.5 
792 
0.95 
779 
11.0 
695 
5.6 
 
Kaolinite/quartz 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
800 
10.9 
794 
1.2 
780 
10.0 
695 
4.5 
 
Kaolinite/quartz 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
800 
13.4 
795 
2.5 
779 
13.0 
695 
6.7 
 
ground for 1.0 hr 
and intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
797 
0.7 
787 
0.5 
753 
2.0 
701 
3.9 
689 
5.2 
654
5.8
ground for 2.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
797 
0.8 
787 
0.6 
752 
2.9 
701 
3.9 
690 
7.3 
654
4.3
ground for 6.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
797 
0.3 
788 
0.2 
754 
2.5 
704 
0.6 
685 
1.1 
644
20.
ground for 10.0 hrs and 
intercalated with potassium 
acetate 
Band centre/cm-1 
%area 
797 
0.3 
788 
0.02 
751 
2.5 
697 
2.5 
685 
2.3 
644
14.
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Table V Band component analysis of the OSiO and OAlO bending region of 
mechanochemically activated kaolinite, kaolinite mechanochemically activated 
with quartz, and intercalated with potassium acetate. 
 
 
Kaolinite/grinding 
time 
 
 
 
Band  
Parameters 
 
ν 1 
 
ν 2 
 
ν 3 
 
ν 4 
 
ν 5 
Starting material 
Kaolinite only 
No quartz 
Band centre/cm-1 
%area 
 537 
32.8 
470 
32.0 
 431 
2.0 
 
ground for 1 hr 
Band centre/cm-1 
%area 
554 
30.5 
531 
20.6 
471 
10.1 
433 
1.9 
421 
3.7 
 
ground for 2.0 hr 
Band centre/cm-1 
%area 
555 
37.0 
534 
16.9 
472 
10.1 
432 
3.6 
416 
2.6 
 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
556 
37.7 
533 
17.2 
472 
9.8 
431 
4.3 
416 
1.6 
 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
557 
31.6 
538 
22.6 
473 
20.0 
432 
3.0 
419 
2.0 
 
ground for 6.0 hrs 
Band centre/cm-1 
%area 
559 
32.2 
539 
28.7 
473 
10.8 
430 
4.3 
409 
1.1 
 
ground for 10.0 hrs 
Band centre/cm-1 
%area 
561 
28.9 
540 
29.2 
475 
11.9 
437 
2.4 
425 
1.6 
Kaolinite/quartz 
ground for 0.5 hr 
Band centre/cm-1 
%area 
537 
35.8 
516 
2.0 
471 
30.5 
 431 
4.7 
Kaolinite/quartz 
ground for 1.0 hr 
Band centre/cm-1 
%area 
534 
32.6 
515 
2.3 
471 
38.9 
 432 
1.5 
Kaolinite/quartz 
ground for 2.0 hrs 
Band centre/cm-1 
%area 
542 
15.6 
518 
17.4 
483 
18.7 
465 
7.4 
444 
10.8 
Kaolinite/quartz 
ground for 3.0 hrs 
Band centre/cm-1 
%area 
 519 
20.0 
481 
23.7 
467 
20.3 
445 
8.7 
Kaolinite/quartz 
ground for 4.0 hrs 
Band centre/cm-1 
%area 
 519 
16.9 
482 
25.0 
462 
13.3 
446 
9.0 
ground for 1.0 hr 
and intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
558 
25.8 
538 
23.5 
472 
21.6 
457 
1.0 
432 
4.6 
ground for 2.0 hrs and 
intercalated with 
potassium acetate 
Band centre/cm-1 
%area 
560 
0.5 
535 
8.6 
480 
6.6 
455 
1.3 
434 
3.6 
ground for 6.0 hrs and 
intercalated with 
potassium 
acetate 
Band centre/cm-1 
%area 
562 
10.4 
539 
25.6 
478 
7.1 
457 
2.5 
433 
3.1 
ground for 10.0 hrs and 
intercalated with 
potassium 
acetate 
Band centre/cm-1 
%area 
 
556 
11.8 
538 
15.1 
476 
13.8 
458 
13.0 
435 
11.2 
 
 16
 
LIST OF FIGURES 
 
Figure 1 X-ray diffraction patterns of kaolinite ground for (a) 1 hour (b) 2 (c) 4 (d) 6 
(e) 8 (f) 10 hours 
 
Figure 2 DRIFT spectra of the hydroxyl stretching region of mechanochemically 
activated kaolinite with quartz treated for (a) 0 (b) 0.5 (c) 1 (d) 3 (e) 4 hours.  
 
Figure 3 DRIFT spectra of the hydroxyl stretching region of mechanochemically 
activated kaolinite without quartz treated for (a) 0 (b) 1 (c) 2 (d) 4 (e) 6 
hours.  
 
Figure 4 DRIFT spectra of the hydroxyl stretching region of mechanochemically 
activated kaolinite treated for (a) 1 (b) 2 (c) 6 (d) 10 hours and intercalated 
with potassium acetate.  
 
Figure 5a Relative intensity of the 3695 cm-1 band of mechanochemically activated 
kaolinite in the presence and absence of quartz and mechanochemically 
activated kaolinite intercalated with potassium acetate as a function of 
grinding time. 
Figure 5b Relative intensity of the 3619 cm-1 band of mechanochemically activated 
kaolinite in the presence and absence of quartz and mechanochemically 
activated kaolinite intercalated with potassium acetate as a function of 
grinding time. 
Figure 5c Relative intensity of the 3668 cm-1 band of mechanochemically activated 
kaolinite in the presence and absence of quartz and mechanochemically 
activated kaolinite intercalated with potassium acetate as a function of 
grinding time. 
Figure 5d Relative intensity of the 3550 cm-1 band of mechanochemically activated 
kaolinite in the presence and absence of quartz and mechanochemically 
activated kaolinite intercalated with potassium acetate as a function of 
grinding time. 
Figure 5e Relative intensity of the 934 cm-1 band of mechanochemically activated 
kaolinite in the presence and absence of quartz and mechanochemically 
activated kaolinite intercalated with potassium acetate as a function of 
grinding time. 
Figure 5f Relative intensity of the 914 cm-1 band of mechanochemically activated 
kaolinite in the presence and absence of quartz and mechanochemically 
activated kaolinite intercalated with potassium acetate as a function of 
grinding time. 
Figure 5g Relative intensity of the 1650 cm-1 band of mechanochemically activated 
kaolinite in the presence and absence of quartz and mechanochemically 
activated kaolinite intercalated with potassium acetate as a function of 
grinding time. 
 
Figure 6a DRIFT spectra of the hydroxyl-deformation mode of kaolinite 
mechanochemically treated with quartz for (a) 0 (b) 0.5 (c) 1 (d) 2 (e) 3 (f) 4 
hrs. 
 17
Figure 6b DRIFT spectra of the hydroxyl-deformation mode of kaolinite 
mechanochemically treated in the absence of quartz for (a) 0 (b) 1 (c) 2 (d) 3 
(e) 4(f) 6 (g) 10 hrs. 
Figure 6c DRIFT spectra of the hydroxyl-deformation mode of kaolinite 
mechanochemically treated in the absence of quartz for (a) 1 (b) 2 (c) 6 (d) 
10 hrs followed by intercalation with potassium acetate. 
 
Figure 7a DRIFT spectra of the SiO stretching modes of kaolinite mechanochemically 
treated with quartz for (a) 0 (b) 0.5 (c) 1 (d) 2 (e) 3 (f) 4 hrs. 
Figure 7b DRIFT spectra of the SiO stretching modes mode of kaolinite 
mechanochemically treated in the absence of quartz for (a) 0 (b) 1 (c) 2 (d) 3 
(e) 4(f) 6 (g) 10 hrs. 
Figure 7c DRIFT spectra of the SiO stretching modes mode of kaolinite 
mechanochemically treated in the absence of quartz for (a) 1 (b) 2 (c) 6 (d) 
10 hrs followed by intercalation with potassium acetate. 
 
Figure 8a DRIFT spectra of the SiO stretching modes of kaolinite mechanochemically 
treated with quartz for (a) 0 (b) 0.5 (c) 1 (d) 2 (e) 3 (f) 4 hrs. 
Figure 8b DRIFT spectra of the SiO stretching modes mode of kaolinite 
mechanochemically treated in the absence of  quartz for (a) 0 (b) 1 (c) 2 (d) 
3 (e) 4(f) 6 (g) 10 hrs. 
Figure 8c DRIFT spectra of the SiO stretching modes mode of kaolinite 
mechanochemically treated in the absence of quartz for (a) 1 (b) 2 (c) 6 (d) 
10 hrs followed by intercalation with potassium acetate. 
 
 
 
 18
 
LIST OF TABLES 
 
Table I Band component analysis of the hydroxyl stretching region of 
mechanochemically activated kaolinite,  kaolinite mechanochemically 
activated with quartz, and intercalated with potassium acetate. 
 
Table II Band component analysis of the hydroxyl-deformation region of 
mechanochemically activated kaolinite,  kaolinite mechanochemically 
activated with quartz, and intercalated with potassium acetate. 
 
Table III Band component analysis of the SiO stretching region of 
mechanochemically activated kaolinite,  kaolinite mechanochemically 
activated with quartz, and intercalated with potassium acetate. 
 
Table IV Band component analysis of the hydroxyl translation region of 
mechanochemically activated kaolinite,  kaolinite mechanochemically 
activated with quartz, and intercalated with potassium acetate. 
 
Table V Band component analysis of the OSiO and OAlO bending region of 
mechanochemically activated kaolinite,  kaolinite mechanochemically 
activated with quartz, and intercalated with potassium acetate. 
 
 19
 
